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ent internal wood discoloration similar to a grapevine 
decline earlier reported in Iran (Mohammadi et al., 
2013a). Similar internal and external symptoms were 
also observed on wild pistachio in Fars province (south-
western Iran) in spring of 2013. 
As with many perennials, pistachio trees are sub-
jected to the attack of many fungal trunk pathogens. 
Of these, Botryosphaeria panicle and shoot blight 
caused by Botryosphaeria dothidea (Mough. :Fr.) Ces. 
& De Not is considered as the greatest threat to the 
pistachio industry in some countries, such as USA 
(Ma et al., 2001). In addition to B. dothidea, other 
species of the Botryosphaeriaceae, namely Neofusico-
ccum mediterraneum Crous, M.J. Wingf. & A.J.L. 
Phillips, Diplodia seriata De Not. and Lasiodiplodia 
theobromae (Pat.) Griff. & Maubl. have been isolated 
from pistachio (Michailides et al., 2002; Inderbitzin 
et al., 2010). 
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Abstract
Over the growing seasons of 2011–2013, various pistachio (Pistacia vera L.) cv. Fandoghi, and wild pistachio (P. atlantica Desf. 
subsp. mutica) trees were inspected in Iran to determine the aetiology of trunk diseases with specific reference to species of 
Phaeoacremonium and Botryosphaeriaceae spp. Samples were collected from branches of trees exhibiting yellowing, defoliation, 
canker and dieback, as well as wood discoloration in cross sections. Fungal trunk pathogens were identified using morphological 
and cultural characteristics as well as comparisons of DNA sequence data of the ITS and TEF-1α (for Botryosphaeriaceae species) 
and β-tubulin gene (for Phaeoacremonium species) regions. Phaeoacremonium parasiticum was the dominant species followed by 
Phaeoacremonium aleophilum, Botryosphaeria dothidea, Neofusicoccum parvum, Phaeoacremonium cinereum, Phaeoacremonium 
viticola and Dothiorella viticola. Pathogenicity tests were undertaken to determine the role of these species on pistachio under field 
conditions. Neofusicoccum parvum and Pm. aleophilum caused the longest and smallest lesions respectively. This study represents 
the first report on the occurrence and pathogenicity of Phaeoacremonium species on P. vera cv. Fandoghi. This also represents the 
first report of Pleurostomophora sp. on pistachio and Pm. parasiticum and D. viticola on wild pistachio.
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Introduction
The genus Pistacia (Anacardiaceae) includes 11 
species (Zohary, 1952). Among these, pistachio (Pista-
cia vera L.), wild pistachio (P. atlantica Desf. subsp. 
mutica (Fisch. & Mey.) Rech. F) and P. khinjuk Stocks, 
are the species that occur in Iran (Sheibani, 1996). 
Pistachio is the fifth most important commercial nut 
crop in the world and has been cultivated in different 
countries such as Iran, Turkey, other Mediterranean 
countries, and USA. According to the Food and Agri-
culture Organization (FAO, 2012), approximately 85% 
of the world’s pistachio production currently comes 
from these countries. Wild pistachio is a dominant na-
tive Pistacia species in Iran. In spring of 2012 a yel-
lowing and wilting of pistachio trees was noticed in 
Kerman province (south-eastern Iran). Examination of 
symptomatic branches revealed the presence of differ-
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wild pistachio trees. Symptomatic tissues were cut into 
disks, surface-disinfected by immersing in 1.5% solu-
tion of NaOCl for 30 s, and rinsed in sterile distilled 
water (SDW). About 10 wood pieces (3×3 mm) were 
taken from the margin between discolored and healthy 
tissue and plated onto malt extract agar (MEA, 2% malt 
extract, 1.5% agar; Merck, Germany) supplemented 
with 100 mg/L streptomycin sulphate (MEAS). Plates 
were incubated at 25ºC in the dark for 2 weeks, and all 
colonies were transferred to potato dextrose agar (PDA; 
Merck, Germany). Single conidial cultures were ob-
tained from each isolates for further study. Fungal 
isolates that did not sporulate were purified by hyphal-
tipping.
Morphological identification of fungal isolates
The initial identification of fungal isolates was 
made based on colony morphology, colony color and 
growth on MEA. Phaeoacremonium isolates were 
identified by macroscopic characters such as colony 
texture, color and pigment production on PDA, MEA, 
and oatmeal agar (OA; 30 g oatmeal; 15 g agar; Merk, 
Germany). Microscopic mounts were made from 
aerial mycelium of the isolates on MEA. Radial 
growth of isolates was measured after 16 days at 25 °C 
(Mostert et al., 2006). Botryosphaeriaceae spp. were 
identified by colony and conidial morphology (Phil-
lips, 2002). These isolates were induced to sporulate 
by transferring their pure cultures on 2% water agar 
(WA, 2% agar; Merck, Germany) containing double-
autoclaved pine needles and incubated at 25 °C under 
12 h photoperiod. Isolates were checked out weekly 
for formation of fruiting structures and conidia. Co-
nidial morphology from pycnidia was recorded using 
a compound microscope. Fifty microscopic measure-
ments of each type of structures were made for all 
studied isolates.
DNA isolation and molecular identification 
of fungal isolates
Fungal cultures were grown on PDA, incubated at 
25 °C for 10 days. Mycelium (approximately 50 mg) 
was scraped from the surface of cultures and ground 
to a fine powder in liquid nitrogen using a mortar and 
pestle. Total DNA was isolated using the Peq Gold 
Fungal DNA mini Kit (Roche, Germany) according to 
the manufacturer’s protocols. DNA was visualized on 
0.1% agarose gels stained with ethidium bromide and 
the DNA samples were kept at –20 °C until used for 
PCR amplification. For species of Phaeoacremonium, 
In recent years, numerous species of Phaeoacremo-
nium W. Gams, Crous & M.J. Wingf. have been iso-
lated and reported from different plants. Species of this 
genus are known to cause die-back or decline symp-
toms on various woody hosts worldwide (Mostert et al., 
2006). Forty three species of Phaeoacremonium have 
been described from different plant species worldwide 
(Crous et al., 1996; Dupont et al., 2000; Groenewald 
et al., 2001; Mostert et al., 2005, 2006; Damm et al., 
2008; Essakhi et al., 2008; Graham et al., 2009; Gr-
amaje et al., 2009, 2012, 2014; Raimondo et al., 2014; 
Úrbez-Torres et al., 2014). Thus far, 10 species of this 
genus have been reported from various woody trees in 
Iran (Mostert et al., 2006; Gramaje et al., 2009; Mo-
hammadi & Banihashemi, 2012; Mohammadi, 2012, 
2013, 2014; Mohammadi et al., 2013a, 2014; Soltanine-
jad et al., 2013; Kazemzadeh Chakusary et al., 2014; 
Sami et al., 2014), however the occurrence of these 
species and associated Botryosphaeriaceae spp. in 
pistachio orchards have not been investigated in this 
country. Although several fungal species have been 
isolated from pistachio trees with decline symptoms, 
little is known about the aetiology of these decline 
diseases of pistachio trees in Iran. Therefore, the goal 
of this study was to (i) identify the different fungal 
species associated with the disease by means of mor-
phological and molecular studies, and (ii) evaluate the 
pathogenicity of the different fungi in one pistachio 
cultivar planted in Iran.
Material and methods
Sampling and fungal isolation
In recent years, there has been a noticeable increase 
in the incidence of yellowing and dieback symptoms 
on pistachio trees (5-25 years old) in various orchards 
in Kerman province, Iran. Between 2011 and 2013, 19 
pistachio orchards from the main pistachio production 
areas (about 1,400 ha) in the Kerman province were 
surveyed to determine the fungi associated with trunk 
diseases. Affected pistachio trees showing yellowing 
and dieback and various symptoms in wood, including 
necrosis, black vascular streaking, or discolored tissues 
were collected in each orchard (1-4 trees per orchard). 
Similar symptoms associated with resin exudation were 
also observed on wild pistachio trees (200-400 years 
old, 1,300 ha) in Saadat Shahr (Fars province). In total, 
32 and 19 pistachio and wild pistachio trees were 
evaluated, respectively. Woody samples were collected 
from each symptomatic tree (1-3 branches per tree) and 
analyzed for internal wood symptoms. In total, 89 
samples were collected: 68 from pistachio and 21 from 
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lated fungi so as to fulfill Koch’s postulates. Cultures 
were incubated at 25 °C for further identification of 
the isolated fungi. 
One-way analysis of variance (ANOVA) using the 
SAS Software v 9.1 (SAS Inst., Cary, NC, USA) was 
performed in order to evaluate differences in the ex-
tent of wood discoloration induced by fungal isolates. 
The LSD test was used for comparison of treatment 
means at p<0.05. Dunnett’s t test was used to assess 
significant differences at p<0.05 in the extent of up-
ward and downward wood discoloration between the 
control mean and the treatment means on pistachio 
branches.
Results
Field symptoms and sampling 
A total of 32 symptomatic pistachio trees were 
sampled from different orchards (Table 1). Fungal trunk 
pathogens were isolated from 28 trees (87.50%). Com-
mon symptoms observed in the sampled pistachio or-
chards included: yellowing, die-back, shoot canker, and 
plant death. Internal symptoms included: central ne-
crosis, watery necrosis, brown to black internal wood 
discoloration, brown to black streaking and wedge-
shaped necrosis when branches were cut transversely, 
and dark brown to black streaking when affected parts 
were cut longitudinally (Fig. 1). In this study, 16 wild 
pistachio trees (P. atlantica subsp. mutica) showing 
yellowing, dieback and canker symptoms were also 
sampled from Fars province from which several fungal 
species were isolated in nine trees (60%). One of the 
most common external symptoms on wild pistachio 
trees was dieback of the branches associated with resin 
exudation. In branches with dieback symptoms, a cir-
cular necrosis and wedge-shaped wood discoloration 
was generally observed when symptomatic parts were 
cross-sectioned. During this study some wild pistachio 
trees showed severe decline symptoms and eventually 
died. 
Fungal isolation and identification
A total of 103 fungal isolates were recovered from 
pistachio trees showing decline symptoms and wood 
discoloration in cross section. Based on morpho-
logical and cultural characteristics, 32 isolates of 
Phaeoacremonium (31.1% of total isolates) were 
obtained and identified from diseased pistachio trees. 
The most common species isolated from orchards 
were Pm. parasiticum and Paecilomyces variotii 
± 600 bp of the 5’ end of the β-tubulin gene (BT) was 
amplified as described by Mostert et al. (2006) using 
the primer sets T1 (O’Donnell & Cigelnik, 1997) and 
Bt2b (Glass & Donaldson, 1995). Morphological iden-
tifications of Botryosphaeriaceae spp. were confirmed 
by sequence analysis of the internal transcribed spacer 
(ITS) nrDNA region and a section of the translation 
elongation factor 1-alpha (EF1-α) gene using the prim-
ers ITS1 and ITS4 (White et al., 1990), and EF1-728F 
and EF1-986R (Carbone & Kohn, 1999), respectively. 
Amplification of the ITS region and EF1-α gene were 
performed as described by Úrbez-Torres et al. (2008). 
PCR products were purified and sequenced in both 
directions by Macrogen Inc. Sequencing Center (Seoul, 
South Korea).
Pathogenicity tests
Twelve isolates representing the following species: 
Pm. parasiticum (isolates PRPIS1 and KER-U-
PRPISM1), Pm. aleophilum (isolates PLPIS1 and 
PLPIS2), Pm. cinereum (isolates PCPIS1 and PCPIS2), 
Pm. viticola (isolates IRNHM-PV103), N. parvum 
(isolates NPPIS1 and NPPIS2), B. dothidea (isolates 
BDPIS1 and BDPIS2), and Dothiorella viticola (iso-
late Ker-U-SV1) were used. Inoculum was prepared 
for each isolate from PDA cultures incubated at 25 °C 
in the dark for 3 weeks, except for isolates of Botryo-
sphaeriaceae that were incubated for 10 days. Inocu-
lation of pistachio trees was carried out in one pista-
chio orchard (cv. Fandoghi, 20-year-old) located in 
Kerman. Thirteen plants showing neither any external 
symptoms nor any wood discoloration were selected 
and inoculated in April 2013. For each isolate, four 
branches of pistachio trees were chosen randomly and 
the outer bark at the inoculation area cleaned and 
sprayed with 70% ethanol. A mycelial plug (4 mm in 
diameter and 3 mm thick) taken from the margin of 
an actively growing colony on PDA was put into a 1 
cm deep hole drilled radially with an ethanol-disin-
fected borer into a branch. The inoculated areas were 
protected by moist cotton and wrapped with 
Parafilm® (Pechiney Plastic Packaging, Menasha, 
USA) to prevent desiccation. Four additional branch-
es were inoculated with sterile PDA plugs, which 
served as controls. Four months after inoculation, the 
branches were collected, and brought to the labora-
tory and split lengthwise through the inoculation site. 
The length of wood necroses was measured upwards 
and downwards from the point of inoculation, and 
total necrosis was calculated. Surface-sterilized (1 min 
in 5% NaOCl) woody pieces taken from the necrotic 
tissues were plated on PDA to re-isolate the inocu-
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lowing and dieback symptoms. Eight isolates of Pm. 
aleophilum were also isolated from three pistachio 
trees (10.7% of positive samples) showing dieback 
and brown to black streaking and brown to black 
wood discoloration symptoms in cross section. Two 
isolates of Pm. cinereum were isolated from a pis-
tachio tree (3.6% of positive samples) showing leaf 
yellowing and dieback and brown to black streaking 
in cross section. One isolate of Pm. viticola was also 
obtained from one pistachio tree showing leaf yel-
lowing and brown to black streaking in cross section. 
In the current study, five isolates of N. parvum were 
obtained from two trees (7.1% of positive samples) 
showing dieback and wedge-shaped necrosis in cross 
section. Four isolates of B. dothidea were also iso-
lated from one pistachio tree (3.6% of positive 
samples) showing shoot canker and wedge-shaped 
necrosis in cross section. In our work, eight isolates 
of a Pleurostomophora sp. were also obtained from 
pistachio trees showing yellowing and dieback 
symptoms. In this study only one isolate of D. viti-
cola also was obtained from a wild pistachio tree 
showing dieback, resin exudation and wedge shape 
necrosis in cross section. The highest incidence of 
Phaeoacremonium isolation was from brown to black 
necrosis (62.50%), followed by central necrosis (18.8%), 
with frequencies of 20.4% and 9.7% of total fungal 
isolates, respectively. Pm. aleophilum, N. parvum, 
B. dothidea, Pm. cinereum, and Pm. viticola were 
identified in 7.8, 4.9, 3.9, 1.9 and 1.0% of all iso-
lates, respectively. Numerous isolates of Aspergillus 
spp., Penicillium spp., Pleurostomophora sp., Nat-
trassia mangiferae, Trichoderma spp., and other 
phialidic fungi, were always associated with diseased 
pistachio trees in different areas. BLASTn searches 
in GenBank showed that β-tubulin sequences of 
Phaeoacremonium isolates had 100% identity with 
isolates of Pm. aleophilum PAL2-A (GenBank 
GQ903709), Pm. parasiticum CBS 109665 (Gen-
Bank AY579312), Pm. cinereum Pm7 (GenBank 
FJ517163) and Pm. viticola (GenBank EU128094). 
The ITS (accession numbers: JX073098, JX073096, 
JX073097 and KJ675442) and EF1-α (accession 
numbers:  KP128065, KP128066, KP128067, 
KP128068 and KP128069) sequences of the Botryo-
sphaeriaceae, showed 99 and 100% identity with 
isolates previously described as B. dothidea, D. 
viticola and N. parvum in GenBank. Number and 
percentage of fungal isolates from pistachio trees 
are presented in Table 1. In this study 21 isolates of 
Pm. parasiticum were obtained from 16 pistachio 
trees (57.1% of positive samples) showing leaf yel-
Table 1. Associated external and internal disease symptoms and number of fungal isolates recovered from pistachio trees (Pista-
cia vera) in Iran
Symptom description
LocationFrequencyNo. of isolatesSpecies InternalExternal
Central necrosis, brown to black streaking, watery 
necrosis, brown to black internal wood discoloration
Leaf yellowing and 
dieback, decline
Rain, Rafsanjan, Sirjan, 
Baghin, Zarand
20.3921Phaeoacremonium 
parasiticum
Brown to black streaking, brown to black internal 
wood discoloration
DiebakSirjan, Zarand 7.77 8Phaeoacremonium 
aleophilum
Brown to black streaking Leaf yellowing  
and dieback
Zarand 1.94 2Phaeoacremonium 
cinereum
Brown to black streakingLeaf yellowingRafsanjan 0.97 1Phaeoacremonium 
viticola
Wedge-shaped necrosisDiebackRafsanjan 4.86 5Neofusicoccum parvum
Wedge-shaped necrosisShoot cankerRain, Rafsanjan, Sirjan, 
Baghin, Zarand
 3.88 4Botryosphaeria dothidea
Central necrosis, to black internal wood 
discoloration
Leaf yellowing, 
dieback, plant death
Sirjan, Baghin, 9.7110Paecilomyces sp.
Brown to black internal necrosisLeaf yellowing  
and dieback
Rafsanjan, Zarand, 
Baghin
 6.79 7Aspergillus sp.
Central necrosisLeaf yellowing  
and dieback
Sirjan, Baghin, Zarand 8.74 9Penicillium sp.
Central necrosisDiebackRain 7.77 8Nattrassia mangiferae
Central necrosisLeaf yellowing  
and dieback
Rafsanjan, Sirjan 5.82 6Trichoderma spp.
Central necrosis, watery necrosisLeaf yellowing  
and dieback
Rain, Rafsanjan, Sirjan, 
Baghin
 7.77 8Pleurostomophora sp.
Central necrosis, brown to black streakingLeaf yellowing, 
dieback
Rain, Rafsanjan, Sirjan, 
Baghin, Zarand
13.5914Other phialidic fungi
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Pathogenicity tests
Mean lengths of the extent of wood discolorations 
caused by Botryosphaeriaceae and Phaeocremonium 
species on inoculated pistachio branches are shown in 
Table 2. Results of the pathogenicity tests showed that 
all fungal species were pathogenic on inoculated pistachio 
trees (F = 188.68 and p<0.001). All the isolates produced 
brown to dark wood streaking or discoloration upward 
and downward from the point of inoculation as shown 
after removing the superficial bark (Fig. 2). N. parvum 
was the most virulent showing the longest (p<0.05) lesion 
length of 73.8 ± 1.1 mm followed by Pm. parasiticum 
and B. dothidea that did not differ significantly (p<0.05) 
between them. Pm. cinereum, Pm. viticola and D. viti-
cola showed similar (p<0.05) lesion lengths, ranging 
from 48.3 to 50.8 mm. Pm. aleophilum induced the short-
est (p<0.05) lesion length. The length of lesions produced 
by all the fungi used in the inoculation tests were longer 
(p<0.05) than that reached at the control (6.8 ± 0.9 mm). 
After cross sectioning the inoculated branches, it was 
determined that Phaeoacremonium ssp. produced necrotic 
wood tissues while the Botryosphaeriaceae spp. produced 
wedge-shaped necrosis (Fig. 2). Inoculated species were 
re-isolated at frequencies ranged between 40.0% (Pm. ci-
nereum) and 83.4% (N. parvum) on pistachio. As showed 
on Fig. 3 all inoculated species caused longer basipetal than 
acropetal lesions in all treatments. The Dunnett’s t test 
showed significant differences between treatments with 
Phaeoacremonium and Botryosphaeriaceae spp. compared 
to the control treatment (Fig. 3).
Discussion
In the present study we report for the first time the 
isolation and pathogenicity of Phaeoacremonium and 
brown to black wood discoloration (12.50%) and wa-
tery necrosis (6.25%), while N. parvum, B. dothidea, 
and D. viticola were isolated only from wedge-shaped 
necrosis. 
Figure 1. Internal wood discoloration associated with pistachio 
(1 to 6) and wild pistachio (7 to 11) decline in Iran: (1) circular 
necrosis; (2) brown to black streaking; (3) wedge-shaped necro-
sis; (4-5) brown to black internal wood discoloration; (6) watery 
necrosis; (7) black internal wood discoloration; (8) co-occurrence 
of central and wedge-shaped necrosis; (9) the arrow indicates 
vascular discoloration as a brown to black line in longitudinal 
section; (10-11) the arrows point to co-occurrence of central and 
wedge-shaped necrosis associated with resin exudation.
Table 2. Pathogenicity and re-isolation frequencies of Phaeoacremonium and Botryosphaeriaceae species after inoculation of 
pistachio branches (after 4 months, under field conditions)
Re-isolation 
frequency 
%
Mean lesion 
length (mm) 
± SE†
Isolates inoculated
Fungal species Accession numbers
Code
EFITSBT
76.743.00 ± 2.31 dJX073092, JX073093PLPIS1, PLPIS2Pm. aleophilum
73.360.75 ± 1.05 bJX073089, KF535895PRPIS1,  
KER-U-PRPISM1§
Pm. parasiticum
40.050.75 ± 2.08 cJX073094, JX073095PCPIS1, PCPIS2Pm. cinereum
53.348.7 5 ± 1.11 cKM111551IRNHM-PV103Pm. viticola
56.760.125 ± 1.97 bKP128065, KP128066JX073098 BDPIS1, BDPIS2B. dothidea
83.473.75 ± 1.13 aKP128067, KP128068JX073096, JX073097NPPIS1, NPPIS2N. parvum
53.348.25 ± 1.25 cKP128069KJ675442KER-U-SV1§D. viticola
06.75 ± 0.85 ePDA plug (control)
–4.172LSD (p<0.05)
† Values in columns with different letters are statistically different (p<0.05) by LSD test. § Isolated from P. atlantica subsp. mutica.
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in South Africa (Cloete et al., 2011) and almond trees 
in Spain (Gramaje et al., 2012).
Our study has shown that pistachio trees represent a 
rich catch-crop for species of the genus Phaeoacremo-
nium (Pm. parasiticum, Pm. aleophilum, Pm. cinereum 
and Pm. viticola). Phaeoacremonium species are known 
to cause dieback or decline symptoms on various woody 
hosts especially on grapevine, as the causal agents of 
esca and Petri disease (Mostert et al., 2006). Although, 
numerous species of this genus have also been associ-
ated with trunk diseases of a various woody hosts other 
than grapevine worldwide (Slippers et al., 2007; Damm 
et al., 2008; Cloete et al., 2011; Ismail et al., 2013; Gr-
amaje et al., 2014). Of the Phaeoacremonium species, 
65.6% of the isolates were identified as Pm. parasiticum, 
which was found in all the sampled areas during this 
study. This species has been isolated from Quercus vir-
giniana in USA (Halliwell, 1966); Nectandra sp. in 
Costa Rica (Hawksworth et al., 1976), Prunus avium in 
Greece (Rumbos, 1986), Prunus armeniaca in South 
Africa (Damm et al., 2008) and Tunisia (Hawksworth 
et al., 1976); Actinidia chinensis (Di Marco et al., 2004) 
and Olea europea in Italy (Nigro et al., 2013); Phoenix 
dactylifera in Iraq (Hawksworth et al., 1976) and Iran 
(Mohammadi, 2014); and pome fruit trees (Sami et al., 
2014) and Cupressus sempervirens (Mohammadi et al., 
2014) in Iran. 
Botryosphaeriaceae species associated with wood 
decay of pistachio trees in Iran. The present survey 
has also shown several internal wood symptoms 
similar to those observed on grapevine worldwide 
(Luque et al., 2009; Van Niekerk et al., 2011). The 
most frequent external symptoms were leaf yellowing 
and dieback while central necrosis was recorded as the 
most frequent internal wood discoloration associated 
with pistachio decline. In our case, we found at least 
five different kinds of wood necrosis. Visual aspects 
of the different wood lesions are based on the ne-
crotic types established by Larignon & Dubos (1997) 
and Van Niekerk et al. (2011) for grapevine trunk 
diseases. Similar wood lesions have been also re-
ported on other woody hosts such as pome fruit trees 
Figure 2. Pathogenicity tests of Botryosphaeriaceae and Phae-
oacremonium species on pistachio branches four months after 
inoculation. (1) Control (the arrow shows the point of inocula-
tion). Lesions caused by (2) Pm. aleophilum; (3) Pm. viticola; 
(4) D. viticola; (5) Pm. cinereum; (6) Pm. parasiticum; (7) B. 
dothidea; and (8) N. parvum. Cross section in inoculated pista-
chio branches showing necrotic wood tissue caused by (9) Pm. 
cinereum; (10) Pm. aleophilum; and (11) Pm. parasiticum. 
Typical wedge-shaped necrosis caused by D. viticola (12) B. 
dothidea (13) and N. parvum (14). 
Figure 3. Upward and downward lesion size produced by Bot-
ryosphaeriaceae and Phaeoacremonium spp. on pistachio branch-
es, 4 months after inoculation. Asterisks indicate that average 
length of lesion size was significantly different from the control 
according to Dunnett’s t test (p=0.0001). Bars represent stand-
ard error of the means.
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in this study, the lesions caused by N. parvum were 
longer than those caused by the other species. In a 
preliminary study, Mousavi et al. (2014a, b) obtained 
similar results when testing the pathogenicity of Bot-
ryosphaeriaceae and Phaeoacremonium spp. on de-
tached pistachio shoots. These results were consistent 
with other pathogenicity studies that reported N. par-
vum to be one of the most pathogenic Botryosphaeri-
aceae spp. on grapevines in several countries including 
South Africa (Van Niekerk et al., 2004), Spain (Luque 
et al., 2007), Australia (Savocchia et al., 2007), USA 
(Úrbez-Torres & Gubler, 2009) and New Zealand 
(Billones-Baaijens et al., 2013). Botryosphaeria doth-
idea is one of the main pathogens of pistachio (Mi-
chailides, 1991), but was previously reported to be 
weakly pathogenic to healthy vines, Eucalyptus and 
Syzygium in South Africa (Van Niekerk et al., 2004; 
Pavlic et al., 2007; Slippers et al., 2007). Phaeoacre-
monium aleophilum produced smaller lesions than the 
other species inoculated on pistachio. This is consistent 
with previous pathogenicity tests performed on pear in 
South Africa (Cloete et al., 2011). Phaeoacremonium 
parasiticum and D. viticola, which were obtained from 
wild pistachio, were pathogenic on pistachio trees. 
Recently, D. viticola has been isolated and reported 
from pistachio trees in Greece by Chen et al. (2014b). 
With the exception of D. viticola, all the other species 
were reported from grapevine in Iran. Therefore wild 
pistachio in Iran should be considered as a potential 
source of this species for vineyards and pistachio or-
chards. 
According to pathogenicity tests, all isolates used in 
this study, caused longer basipetal than acropetal le-
sions on pistachio. Úrbez-Torres et al. (2008) obtained 
similar results when testing the pathogenicity of D. 
seriata and L. theobromae on 1-year-old and green 
shoots of grapevine. This study is the first to report on 
the occurrence and pathogenicity of Phaeoacremonium 
spp. on pistachio trees. Based on our knowledge, this 
also represents the first record of Pleurostomophora 
sp. on pistachio and Pm. parasiticum and D. viticola 
on wild pistachio. A species of Pleurostomophora, Pl. 
richardsiae, was reported by Eskalen et al. (2004) as 
being a pathogen of grapevine. Additionally, Carlucci 
et al. (2013) have reported Pl. richardsiae as the main 
agent of wilting of apical leaves and cankers in olive 
trees in Italy. Eskalen et al. (2004) and Rolshausen 
et al. (2010) showed that Pl. richardsiae can infect 
pruning wounds of grapevine. Although most of the 
Phaeoacremonium species have been isolated from 
grapevine worldwide, members of this genus are not 
host specific. The same species can occur on several 
different woody hosts and more than one species can 
occur on a single host. In this way, various woody trees 
In our study, 25% of Phaeoacremonium species were 
identified as Pm. aleophilum. This species is the most 
common Phaeoacremonium species found associated 
with esca and Petri diseases in grapevines (Mostert 
et al., 2006) however, it has been also isolated from 
other woody trees, such as A. chinensis and O. europea 
in Italy (Crous & Gams, 2000), Malus domestica in 
South Africa (Cloete et al., 2011) and USA (Úrbez-
Torres et al., 2013), and Prunus spp. (Damm et al., 
2008) and Pyrus communis in South Africa (Cloete 
et al., 2011). Other Phaeoacremonium species were 
isolated in low frequency and included Pm. cinereum 
and Pm. viticola that were isolated in two and one 
cases, respectively. Phaeoacremonium cinereum has 
been previously reported affecting grapevines in Iran 
and Spain (Gramaje et al., 2009). This species has been 
recently isolated from necrotic wood of walnut trees 
in Iran (Mohammadi et al., 2013c). Regarding Pm. 
viticola, this species was reported from grapevine in 
Iran, France, USA and South Africa (Moster et al., 
2006), from A. chinensis in France (Hennion et al., 
2001), from Prunus armeniaca, Prunus salicina 
(Damm et al., 2008) and Pyrus communis in South 
Africa (Cloete et al., 2011), and from Sorbus interme-
dia in Germany (Mostert et al., 2006). 
Two Botryosphaeriaceae species, B. dothidea and 
N. parvum were isolated from pistachio trees showing 
a wedge-shaped wood discoloration. On grapevine, 
symptoms of Botryosphaeria dieback are characterized 
by wedge-shaped cankers, wood necrosis, bud death, 
and plant dieback (Úrbez-Torres, 2011) and several 
species of Botryosphaeriaceae were isolated from 
grapevines with these symptom types. B. dothidea has 
been found on numerous woody trees, including stone 
and pome fruit trees in South Africa (Damm et al., 
2007; Slippers et al., 2007), pistachio trees in Califor-
nia (Chen et al., 2014b), olive fruits (Moral et al., 
2010), almond trees in Spain (Gramaje et al., 2012) 
and grapevine in several countries such as Spain (Ar-
mengol et al., 2001) and Portugal (Phillips, 2002). 
Recently, B. dothidea has been isolated and reported 
from pistachio trees showing panicle blight in Iran 
(Mohammadi et al., 2015). Neofusicoccum parvum has 
been isolated from pome and stone fruit trees in South 
Africa (Slippers et al., 2007), from avocado in Califor-
nia (McDonald et al., 2009), from almond (Inderbitzin 
et al., 2010), English walnut (Chen et al., 2014a), and 
grapevine in California (Úrbez-Torres & Gubler, 2009). 
In Iran, both species have been isolated from cypress 
(Mohammadi et al., 2014) and grapevine (Arabnezhad 
& Mohammadi, 2012; Mohammadi et al., 2013b). 
The pathogenicity tests on pistachio trees showed 
that all inoculated species used were pathogenic on this 
host. Of the seven species tested on pistachio branches 
Hamid Mohammadi, Mehdi Sarcheshmehpour and Ebrahim Mafi
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rico G, 2008. Molecular and phenotypic characteriza-
tion of novel Phaeoacremonium species isolated from 
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Appl Environ Microbiol 41: 1332-1336.
Graham AB; Johnston PR; Weir BS, 2009. Three New 
Phaeoacremonium species on grapevines in New Zea-
land. Australas. Plant Pathol. 38: 505-513. http://dx.doi.
org/10.1071/AP09035
Gramaje D, Armengol J, Mohammadi H, Banihashemi Z, Mos-
tert L, 2009. Novel Phaeoacremonium species associated 
with Petri disease and esca of grapevines in Iran and Spain. 
Mycologia 101: 920-929. http://dx.doi.org/10.3852/08-222
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E, Olmo D, Mostert L, Damm U, Armengol J, 2012. 
Fungal trunk pathogens associated with wood decay of 
almond trees on Mallorca (Spain). Persoonia 28: 1-13. 
http://dx.doi.org/10.3767/003158512X626155
Gramaje D, León M, Pérez-Sierra A, Burgess T, Armengol 
J, 2014. New Phaeoacremonium species isolated from 
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67-77. http://dx.doi.org/10.5598/imafungus.2014.05.01.08
Groenewald M; Kang JC; Crous PW; Gams W, 2001. ITS 
and beta-tubulin phylogeny of Phaeoacremonium and 
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dx.doi.org/10.1017/S0953756201004282
Halliwell RS, 1966. Association of Cephalosporium with a 
decline of oak in Texas. Plant Dis Rep 50: 75-78.
can act as alternative hosts for these pathogens. Ac-
cording to our results, pistachio and wild pistachio 
trees, as well as other woody hosts, namely cypress 
(Mohammadi et al., 2014), date palm (Mohammadi, 
2014), pome fruit trees (Sami et al., 2014), walnut 
(Mohammadi et al., 2013c), and stone fruit trees (Sol-
taninejad et al., 2013), should be considered as poten-
tial inoculum sources of viable inoculum for trunk 
disease pathogens in Iran, from which grapevines could 
be infected and these hosts could serve as an addi-
tional mode of pathogen survival in the absence of 
grapevine plants. Conversely, fungal trunk pathogens 
could have spread from grapevine plants to these 
woody hosts. Future studies should be undertaken to 
clarify the identities of other Phaeoacremonium and 
Botryosphaeriaceae species fungi on pistachio and wild 
pistachio trees in this country.
References
Arabnezhad M, Mohammadi H, 2012. First report of Fusico-
ccum aesculi (Tel: Botryosphaeria dothidea) associated 
with grapevine decline in Kerman province. Proc 20th 
Iranian Plant Protec Con, Shiraz, Iran, Aug 26-29. p: 410.
Armengol J, Vicent A, Torn L, García-Figueres F, García-
Jiménez J, 2001. Fungi associated with esca and grapevine 
declines in Spain: a three-year survey. Phytopathol 
Mediterr 40: S325-S329.
Billones-Baaijens R, Jones EE, Ridgway HJ, Jaspers MV, 
2013. Susceptiblity of common rootstock and scion vari-
eties of grapevines to Botryosphaeriaceae species. Aus-
tralas Plant Pathol 43: 25-31. http://dx.doi.org/10.1007/
s13313-013-0228-9
Carbone I, Kohn LM, 1999. A method for designing primer sets 
for speciation studies in filamentous ascomycetes. Myco-
logia 91(3): 553-556. http://dx.doi.org/10.2307/3761358
Carlucci A, Raimondo M.L, Cibelli1 F, Phillips AJL, Lops 
F, 2013. Pleurostomophora richardsiae, Neofusicoccum 
parvum and Phaeoacremonium aleophilum associated with 
a decline of olives in southern Italy. Phytopathol Mediterr 
52: 517-527.
Chen SF, Morgan D, Hasey JK, Anderson K, Michailides TJ, 
2014a. Phylogeny, morphology, distribution, and patho-
genicity of Botryosphaeriaceae and Diaporthaceae from 
English walnut in California. Plant Dis 98: 636-652. http://
dx.doi.org/10.1094/PDIS-07-13-0706-RE
Chen SF, Morgan DP, Michailides TJ, 2014b. Botryospha-
eriaceae and Diaporthaceae associated with panicle and 
shoot blight of pistachio in California, USA. Fungal Divers 
67: 157-179. http://dx.doi.org/10.1007/s13225-014-0285-6
Cloete M, Fourie PH, Damm U, Crous PW, Mostert L, 2011. 
Fungi associated with dieback symptoms of apple and 
pear trees with a special reference to grapevine trunk 
disease pathogens. Phytopathol Mediterr 50: 176-190.
Crous PW, Gams W, Wingfield MJ, Van Wyk PS. 1996. 
Phaeoacremonium gen. nov. associated with wilt and de-
Spanish Journal of Agricultural Research June 2015 • Volume 13 • Issue 2 • e1007
9Fungal trunk pathogens associated with pistachio decline
Mohammadi H, Banihashemi Z, Gramaje D, Armengol J, 
2013a. Fungal pathogens associated with grapevine trunk 
diseases in Iran. J Agr Sci Tech 15: 137-150.
Mohammadi H, Banihashemi Z, Gramaje D, Armengol J, 
2013b. Characterization of Diplodia seriata and Neofu-
sicoccum parvum associated with grapevine decline in 
Iran. J Agr Sci Tech 15: 603-616.
Mohammadi H, Ezati Gh, Alaei H, 2013c. Diplodia seriata 
and Phaeoacremonium species associated with walnut trees 
showing dieback symptoms in Ardabil province. Proc 1st 
Iranian Mycol Conf (IMCI), Rasht, Iran, Sept 3-5. p:102.
Mohammadi H, Kazemi, S, Farahmand H, 2014. Phaeoacr-
emonium and Botryosphaeriaceae species associated with 
cypress (Cupressus sempervirens L.) decline in Kerman 
province (Iran). Phytopathol Mediterr 53: 27-39.
Mohammadi H, Sarcheshmehpour M, Mafi E, 2015. First 
record of Botryosphaeria dothidea associated with pista-
chio (Pistacia vera L.) panicle blight in Iran. J Crop Prot 
4: 39-42.
Moral J, Muñoz-Díez C, González N, Trapero A, Michailides 
TJ, 2010. Characterization and pathogenicity of Botry-
osphaeriaceae species collected from olives and other 
hosts in Spain and California. Phytopathology 100: 1340-
1351. http://dx.doi.org/10.1094/PHYTO-12-09-0343
Mostert L, Groenwald JZ, Summerbell RC, Robert V, Sutton 
DA, Padhye AA, Crous P. W, 2005. Species of Phaeoacr-
emonium associated with infections in Humans and envi-
ronmental reservoirs in infected woody plants. J. Clinical 
Microbiol 43: 1752-1767. http://dx.doi.org/10.1128/
JCM.43.4.1752-1767.2005
Mostert L, Groenewald JZ, Summerbell RC, Gams W, Crous 
PW, 2006. Taxonomy and pathology of Togninia (Dia-
porthales) and its Phaeoacremonium anamorphs. Stud 
Mycol 54: 1-115. http://dx.doi.org/10.3114/sim.54.1.1
Mousavi M, Mohammadi H, Sarcheshmehpour M, 2014a. 
Pathogenicity of Phaeoacremonium spp. on pistachio 
(Pistacia vera L.) trees. Proc I Iran’s Pistachio Conf, 
Shahid Bahonar University of Kerman, Kerman (Iran), 
Aug 31. pp: 363-367.
Mousavi M, Mohammadi H, Sarcheshmehpour M, 2014b. 
Isolation and identification of Neofusicoccum parvum from 
pistachio (Pistacia vera L.) in Iran. Nat Conf Modern Top-
ics in Agriculture, Tehran (Iran), Apr 19-20. pp: 1-6.
Nigro F, Boscia D, Antelmi I, Ippolito A, 2013. Fungal spe-
cies associated with a severe decline of olive in southern 
Italy. J Plant Pathol 95: 668.
O’Donnell K, Cigelnik E, 1997. Two divergent intragenomic 
rDNA ITS2 types within a monophyletic lineage of the 
fungus Fusarium are nonorthologous. Mol Phylogenet Evol 
7: 103-116. http://dx.doi.org/10.1006/mpev.1996.0376
Pavlic D, Slippers B, Coutinho TA, Wingfield MJ, 2007. The 
Botryosphaeriaceae occurring on Syzygium cordatum in South 
Africa, and their potential threat to Eucalyptus. Plant Pathol 56: 
624-636. http://dx.doi.org/10.1111/j.1365-3059.2007.01608.x
Phillips AJL, 2002. Botryosphaeria species associated with 
diseases of grapevines in Portugal. Phytopathol Mediterr 
41: 3-18.
Raimondo ML, Lops F, Carlucci A, 2014. Phaeoacremonium 
italicum sp. nov., associated with esca of grapevine in 
Hawksworth DL, Gibson IAS, Gams W, 1976. Phialophora 
parasitica associated with disease conditions in various 
trees. Trans Br Mycol Soc 66: 427-431. http://dx.doi.
org/10.1016/S0007-1536(76)80212-4
Hennion B, Baudry A, Lecompte P, Durpaire MP, Mouyon 
M, Tailleur JL, Larignon P, 2001. Dépérissement du kiwi 
par maladie dubois. Infos-Ctifl 176: 25-27.
Inderbitzin P, Bostock RM, Trouillas FP, Michailides TJ, 
2010. A six locus phylogeny reveals high species diver-
sity in Botryosphaeriaceae from California almond. My-
cologia 102: 1350-1368. http://dx.doi.org/10.3852/10-006
Ismail AM, Cirvilleri G, Lombard L, Crous PW, Groenewald 
JZ, Polizzi G, 2013. Characterisation of Neofusicoccum 
species causing mango dieback in Italy. J Plant Pathol 95: 
549-557.
Kazemzadeh chakusary M, Mohammadi H, Khodaparast SA, 
2014. Persian ironwood (Parrotia persica) as a new woody 
host for Phaeoacremonium scolyti in Iran. Proc 21th Ira-
nian Plant Prot Cong. Urmia, Iran, 23-26 Aug, p: 913.
Larignon P, Dubos B, 1997. Fungi associated with esca dis-
ease in grapevine. Eur J Plant Pathol 103: 147-157. http://
dx.doi.org/10.1023/A:1008638409410
Luque J, Martos S, Torres E, Garcia F, 2007. Susceptibility 
of some grapevine varieties and rootstocks commonly 
used in Spain to decline-associated fungi. Phytopathol 
Mediterr 46(1): 118-119.
Luque J, Martos S, Aroca A, Raposo R, Garcia-Figueres F, 2009. 
Symptoms and fungi associated with declining mature grape-
vine plants in northeast Spain. J Plant Pathol 91: 381-390.
Ma Z, Morgan DP, Michailides TJ, 2001. Effects of water 
stress on Botryosphaeria blight of pistachio caused by 
Botryosphaeria dothidea. Plant Dis 85: 745-749. http://
dx.doi.org/10.1094/PDIS.2001.85.7.745
McDonald V, Lynch S, Eskalen A, 2009. First report of 
Neofusicoccum australe, N. luteum, and N. parvum as-
sociated with avocado branch canker in California. Plant 
Dis 93: 967. http://dx.doi.org/10.1094/PDIS-93-9-0967B
Michailides TJ, 1991. Pathogenicity, distribution, sources of 
inoculum, and infection courts of Botryosphaeria dothidea 
on pistachio. Phytopathology 81: 566-573. http://dx.doi.
org/10.1094/Phyto-81-566
Michailides TJ, Morgan DP, Felts D, 2002. First report of 
Botryosphaeria rhodina causing shoot blight of pistachio 
in California. Plant Dis 86: 1273. http://dx.doi.
org/10.1094/PDIS.2002.86.11.1273C
Mohammadi H, 2012. First report of Phaeoacremonium tuscanum 
causing Petri disease of grapevine in Iran. New Disease Report 
25:21. http://dx.doi.org/10.5197/j.2044-0588.2012.025.021
Mohammadi H, 2013. The status of Phaeoacremonium spe-
cies infecting grapevines in Iran. Proc 1h Iranian Mycol 
Con (IMCI), Rasht, Iran, Sept 3-5, p: 65.
Mohammadi H, 2014. Phaeoacremonium spp. and Botry-
osphaeriaceae spp. associated with date palm (Phoenix 
dactylifera L.) decline in Iran. J Phytopathol 162: 575-
581. http://dx.doi.org/10.1111/jph.12229
Mohammadi H, Banihashemi Z, 2012. First report of Phae-
oacremonium inflatipes and Phaeoacremonium morto-
niae associated with grapevine Petri disease in Iran. J Agr 
Sci Tech 14: 1405-1414.
Hamid Mohammadi, Mehdi Sarcheshmehpour and Ebrahim Mafi
Spanish Journal of Agricultural Research June 2015 • Volume 13 • Issue 2 • e1007
10
Úrbez-Torres J, Leavitt G, Voegel T, Gubler WD, 2008. 
Identification and pathogenicity of Lasiodiplodia theo-
bromae and Diplodia seriata, the causal agents of Bot 
canker disease of grapevines in Mexico. Plant Dis 92: 
519-529. http://dx.doi.org/10.1094/PDIS-92-4-0519
Úrbez-Torres JR, Gubler WD, 2009. Pathogenicity of Bot-
ryosphaeriaceae species isolated from grapevine cankers 
in California. Plant Dis 93: 584-592. http://dx.doi.
org/10.1094/PDIS-93-6-0584
Úrbez-Torres JR, 2011. The status of Botryosphaeriaceae 
species infecting grapevines. Phytopathol Mediterr 50: 
S5-S45.
Úrbez-Torres JR, Peduto F, Vossen PM, Krueger WH, Gubler 
WD, 2013. Olive twig and branch dieback: etiology, in-
cidence, and distribution in California. Plant Dis 97: 231-
244. http://dx.doi.org/10.1094/PDIS-04-12-0390-RE
Urbez-Torres JR, Haag P, Bowen P, O’Gorman DT, 2014. 
Grapevine trunk diseases in British Columbia: incidence 
and characterisation of the fungal pathogens associated 
with esca and Petri diseases of grapevine. Plant Dis 98: 
469-482. http://dx.doi.org/10.1094/PDIS-05-13-0523-RE
Van Niekerk JM, Crous PW, Groenewald JZE, Fourie PH, 
Halleen F, 2004. DNA phylogeny, morphology and patho-
genicity of Botryosphaeria species on grapevines. Myco-
logia 96: 781-798. http://dx.doi.org/10.2307/3762112
Van Niekerk JM, Bester W, Halleen F, Crous PW, Fourie PH, 
2011. The distribution and symptomatology of grapevine 
trunk diseas pathogens are influenced by climate. Phyto-
pathol Mediterr 50: S98-S111.
White TJ, Bruns T, Lee S, Taylor J, 1990. Amplification and 
direct sequencing of fungal ribosomal RNA genes for 
phylogenetics. In: PCR protocols: a guide to methods and 
applications (Innis MA, Gelfand DH, Sninsky JJ, White 
TJ, eds.). Academic Press, NY, pp: 315-322. http://dx.doi.
org/10.1016/B978-0-12-372180-8.50042-1
Zohary M, 1952. A monographical study of the genus Pista-
cia. Palestine J Bot 5: 187-228.
southern Italy. Mycologia 106: 1119-1126. http://dx.doi.
org/10.3852/14-080
Rolshausen PE, Úrbez-Torres JR, Rooney-Latham S, Eskalen 
A, Smith RJ, Gubler WD, 2010. Evaluation of pruning 
wound susceptibility and protection against fungi associ-
ated with grapevine trunk diseases. Am J Enol Viticult 61: 
113-119.
Rumbos IC, 1986. Phialophora parasitica, causal agent of 
cherry dieback. J Phytopathol 117: 283-287. http://dx.doi.
org/10.1111/j.1439-0434.1986.tb00944.x
Sami S, Mohammadi H, Heydarnejad J, 2014. Phaeoacremo-
nium species associated with necrotic wood of pome fruit 
trees in Iran. J Plant Pathol 96: 19-27.
Savocchia S, Steel CC, Stodart BJ, Somers A, 2007. Patho-
genicity of Botryosphaeria species isolated from declining 
grapevines in sub tropical regions of Eastern Australia. 
Vitis 46(1): 27-32.
Sheibani A, 1996. Distribution, use and conservation of 
pistachio in Iran. In: Taxonomy, distribution, conserva-
tion and uses of pistacia genetic resources (Padulosi S, 
Caruso T, Barone E, eds.). IPGRI, Palermo, Rome, pp: 
51-56.
Slippers B, Smit WA, Crous PW, Coutinho TA, Wingfield 
BD, Wingfield MJ, 2007. Taxonomy, phylogeny and 
identification of Botryosphaeriaceae associated with pome 
and stone fruit trees in South Africa and other regions of 
the world. Plant Pathol 56: 128-139. http://dx.doi.
org/10.1111/j.1365-3059.2006.01486.x
Soltaninejad N, Mohammadi H, Massumi H, Alaei H, Sol-
taninejad M, 2013. Stone fruit trees as a possible inocu-
lum source of grapevine trunk disease pathogens in Iran. 
Proc 1st Iranian Mycol Con (IMCI), Rasht, Iran, Sept 3-5. 
p: 126.
Úrbez-Torres JR, Luque J, Gubler WD, 2007. First report of 
Botryosphaeria iberica and B. viticola associated with 
grapevine decline in California. Plant Dis 91: 772. http://
dx.doi.org/10.1094/PDIS-91-6-0772C
